Abstract Several vaginal procedures are available for treating uterine descent. Vaginal hysterectomy is usually the surgeon's first choice. In this literature review, complications, anatomical and symptomatic outcomes, and quality of life after vaginal hysterectomy, sacrospinous hysteropexy, the Manchester procedure, and posterior intravaginal slingplasty are described. All procedures had low complication rates, except posterior intravaginal slingplasty, with a tape erosion rate of 0-21%. Minimal anatomical success rates regarding apical support ranged from 85% and 93% in favor of the Manchester procedure. Data on symptomatic cure and quality of life are scarce. In studies comparing vaginal hysterectomy with sacrospinous hysteropexy or the Manchester procedure, vaginal hysterectomy had higher morbidity. Because no randomized, controlled trials have been performed comparing these surgical techniques, we can not conclude that one of the procedures prevails. However, one can conclude from the literature that vaginal hysterectomy is not the logical first choice.
Introduction
Pelvic organ prolapse is a common problem among aging women. About 50% of parous women have pelvic organ prolapse [1] . The lifetime risk at the age of 80 for surgical intervention is 11.1% [2] . Removal of the prolapsed uterus, eventually combined with preventive procedures for future vault prolapse, is considered the primary procedure in cases of uterine descent [3] . With a vaginal approach, combined vaginal repair methods, such as anterior or posterior colporrhaphy, are easy to perform. If one chooses a vaginal procedure to correct uterine descent, one can choose to retain and suspend the prolapsed uterus rather than removing it. Women have several reasons for wanting to preserve the uterus, such as retaining fertility and maintaining their personal identity. Other possible motivations may be the possibility that this kind of surgery might reduce operation time, blood loss, and postoperative recovery time [4, 5] . The choice of operation for uterine prolapse depends on the preference of the woman and her surgeon, eg, the surgeon's expertise in different surgical techniques. The objective of this review is to outline the complication rate, anatomical success rate, functional outcomes, quality of life, and sexual function in women with uterine prolapse after a vaginal hysterectomy and three uterus-preserving vaginal techniques: sacrospinous hysteropexy, the Manchester procedure, and posterior intravaginal slingplasty.
Material and methods

Sources and search methods
After performing a MEDLINE search in November 2007 on vaginal surgical techniques for uterine descent, we selected four surgical procedures: vaginal hysterectomy (with or without prophylactic procedures for future vaginal vault prolapse) and three uterus-preserving procedures: sacrospinous hysteropexy, the Manchester procedure, and posterior intravaginal slingplasty. For each technique, a separate literature search was performed. The sacrospinous hysteropexy and posterior intravaginal slingplasty are relatively "young" procedures (first publication in 1989 and 2006, respectively). Therefore, to make the groups of women who underwent the different procedures somewhat more comparable, we chose to only use data published over the last 20 years. The MEDLINE search was performed with the key words and phrases "English," "Human," "Female," "all adults 19 years old and above," and "reports published between 1 November 1987- Also the following databases were searched: EMBASE, the Cochrane Central Register of Controlled Trials, Current Controlled Trials, and the Database of Abstracts on Reviews and Effectiveness. First, we searched for randomized trials. One randomized trial was found comparing vaginal hysterectomy with an abdominal procedure and one randomized trial was found comparing vaginal hysterectomy with sacrospinous hysteropexy [6, 7] . After that, prospective cohort studies, prospective, case-controlled studies, retrospective studies, and case reports were assessed. Finally, we included different types of clinical research because in most cases no or little (randomized) data were available.
Study selection
Titles and, if available, abstracts of all literature found after this search were assessed. The full report of each study likely to be relevant was then assessed, including the reference lists.
The vaginal hysterectomy search found 176 reports. However, most of these reports focused on outcome after vaginal hysterectomy (in most cases in comparison with abdominal hysterectomy) for benign diseases in general, not for the indication of prolapse separately. It is important to focus on this subgroup separately, because data on complications and outcome with regard to symptoms and anatomical recurrences will be different compared with complications and outcomes in a subgroup of women who underwent vaginal hysterectomy for other benign diseases like menorrhagia or leiomyoma. This is reflected in data published by Dallenbach et al. in which the risk of prolapse repair after hysterectomy was 4.7 times higher in women whose initial hysterectomy was indicated for prolapse and 8.0 times higher if preoperative prolapse grade 2 or more was present [8] . When selecting only reports on women undergoing vaginal hysterectomy for uterine prolapse, we found 38 eligible reports. However, many of these studies describe a prophylactic method for future vaginal vault prolapse in women without a uterus and in women in whom the uterus had to be removed at the time of this prophylactic procedure. In many reports, outcomes in these subgroups of women (in which a vaginal hysterectomy was performed) were not separately described. Therefore, 15 studies were excluded. Twenty-three studies were available in which outcome data for 1,764 women who underwent a vaginal hysterectomy for prolapse symptoms were analyzed separately, with a follow-up of between 9 and 60 months [4, 5, 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
The sacrospinous hysteropexy search resulted in 71 reports. After selection and assessment of reference lists, 11 studies and one case report were found on women who underwent a sacrospinous hysteropexy (with preservation of the uterus) [4, 5, 7, 16, 17, 21, [29] [30] [31] [32] [33] . A total of 613 women who underwent a unilateral sacrospinous hysteropexy are described, with a follow-up of between 4 and 72 months. One study by Kovac and Cruikshank reports on four women with a unilateral sacrospinous hysteropexy and 15 women with a bilateral sacrospinous hysteropexy. Because of the bilateral approach, in contrast to the unilateral approach in all other studies, data on anatomical outcome and complication rate were not used in this review [32] .
The Manchester procedure search found 90 reports. After assessment of these reports including reference lists of eligible studies, four studies and two case reports were found with data on 573 women [18] [19] [20] [34] [35] [36] . All studies were retrospective. Follow-up varied from 12 to 43 months.
After assessment of the 32 reports and their reference lists, only four studies describing posterior intravaginal slingplasty in women preserving their uterus were available [37] [38] [39] [40] . Because Mattox et al. did not describe their subgroup of only two women with preservation of the uterus separately (21 women without a uterus), this report was excluded from the analyses of anatomical and functional outcomes [40] . A total of 143 women were analyzed with a follow-up of 6 to 30 months. In none of the studies were complications separately described for the subgroup of women in which the uterus was preserved. Therefore, for describing complications, we used data for women who underwent a posterior intravaginal slingplasty with and without preservation of the uterus [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] .
Measurements
The following outcome measurements were reviewed: complications, anatomical outcomes, symptomatic outcomes, quality of life, sexual function, and pregnancy after the three uterus-preserving techniques.
Surgical procedures
Vaginal hysterectomy was first performed by Langenbeck in 1813 [48] . The vaginal hysterectomy surgical technique is well described in surgical textbooks [49] . After removing the uterus, prophylactic procedures to prevent future vaginal vault prolapse, such as sacrospinous ligament fixation [4, 16] or McCall culdoplasty [50] , can be performed.
The sacrospinous hysteropexy was first described by Richardson in 1989 [29] . After opening the posterior vaginal wall, the right sacrospinous ligament is made visible through sharp, blunt dissection into the right para rectal space. The cervix is unilaterally attached to the right sacrospinous ligament, about 2 cm medial from the ischial spine with two nonabsorbable sutures.
In 1888, Archibald Donald of Manchester started treating women with uterovaginal prolapse with the combined operation of anterior and posterior colporrhaphy and amputation of the cervix, the Manchester procedure [51] . Edward Fothergill modified the procedure by including parametrial fixation [52] . The procedure consisted of the following elements: an anterior colporrhaphy including wide exposure of the parametria, suturing of the parametrial tissues in front of the cervix and lower uterine segment thereby shortening the ligaments and elevating the cervix, amputation of the cervix if necessary, and a posterior colpoperineorrhaphy.
In 2001, the posterior intravaginal slingplasty was introduced by Petros [41] . It was a minimally invasive, transperineal technique providing Level I support, as described by DeLancey, by making neo-sacrouterine ligaments using mesh [53] . Different materials have been used because the first nylon mesh had high rates of erosions. Later, polypropylene multifilament mesh was introduced.
In all reports of these four surgical techniques, concomitant surgery (anterior or posterior colporrhaphy or vaginal incontinence surgery) was performed when indicated. Table 1 shows the occurrence of complications. The vaginal hysterectomy complication rates reported in these studies are comparable to complication rates in large retrospective studies of vaginal hysterectomy for benign disease in general. The mortality rate varies between 0.04% and 0.1% [54, 55] . No deaths were reported in the selected studies of this review. Vaginal hysterectomy was compared with the Manchester procedure in two studies in which hysterectomy was associated with a significantly longer operating time and greater morbidity (blood loss, vaginal cuff abscesses) [19, 20] . When comparing vaginal hysterectomy (in two studies combined with a prophylactic sacrospinous ligament fixation) with sacrospinous hysteropexy, the associated morbidity (longer operating time and recovery time and more blood loss) of a vaginal hysterectomy was greater as compared to the sacrospinous hysteropexy [4, 5, 16] . After sacrospinous hysteropexy in two women (in one retrospective study), persistent buttock pain with the need for a second surgery occurred [33] . In one woman, the suture was removed and replaced 1 day after surgery and she completely recovered. In the other woman, it was unclear whether the pain was caused by the sacrospinous hysteropexy or related to neurological problems in the lumbar region. After 3 years, the suture was removed and the patient underwent a vaginal hysterectomy after which her pain decreased but did not resolve. In all other women, the buttock pain resolved within 6 weeks without any intervention. One study reports that the Manchester procedure was associated with hematometra due to cervical stenosis with the need for cervical dilatations in up to 11% of patients [34] . In one woman, after four dilatations of the cervix, an abdominal hysterectomy was performed. Hopkins et al. reported on three patients with uterine disease (two with cancer) after a Manchester procedure in women who thought that their uterus had been removed in prior prolapse surgery, which made the differential diagnosis difficult [35] . Therefore, after cervical amputation, a risk of stenosis is present, which could influence the occurrence of alarming symptoms (vaginal blood loss) in the development of adenocarcinoma of the uterus. After a posterior intravaginal slingplasty (with and without preservation of the uterus) mesh erosion problems were reported in 0% to 21% of women [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] . Baessler et al. described erosion problems in 13 women who were referred to their clinic after implantation of a multifilament mesh at other clinics [56] . Mesh infection, pain syndromes, and dyspareunia after a median time of 24 months were the main indications for removing the mesh. Follow-up after mesh removal showed that symptoms in all women disappeared or decreased. Several explanations for the different prevalence rates of IVS mesh erosion were given. Atachi et al. report that women operated on by less-experienced surgeons had more erosion problems than women who were operated on by more experienced surgeons [57] . Hefni et al. did not confirm these findings but reported that older age (>60 years) and diabetes mellitus were associated with a higher rate of mesh erosions [39] . Also the nature of the tape might play an important role. Farnsworth first had an erosion rate of 10% with nylon tape; after he started using polypropylene mesh, the erosion rate dropped to 0% [47] . However, as with the majority of studies reported in this review, well-designed studies with clear outcomes (both anatomical and functional) on the IVS posterior procedure have to be awaited. Removal of the uterus during the procedure did not alter the erosion rate but it did increase the hospital admission time (1.5 versus 4.2 days, P=0.002) [37] .
Results
Complications
No randomized trials were available comparing the surgical procedures with regard to complications. In comparative studies, vaginal hysterectomy was associated with greater morbidity compared with sacrospinous hysteropexy (aside from a short period of buttock pain) and also when it is compared to the Manchester procedure (aside from cervical stenosis). All procedures were associated with a low complication rate.
Anatomical cure
In this part of the analyses we focus only on the anatomical outcome of the apical compartment. The heterogeneity of the studies involved, with respect to other surgical procedures performed in addition to the apical fixation, makes it virtually impossible to compare the techniques on their outcome on the anterior or posterior compartment.
The anatomical outcome with respect to fixation of the apical compartment is comparable for all techniques with success rates over 85% (Table 2) . Surgery for recurrent apical prolapse symptoms ranged from 0% to 7% (Table 2) . Two studies reported on the comparison of the sacrospinous hysteropexy (one prospectively and one retrospectively) with a vaginal hysterectomy with prophylactic sacrospinous ligament fixation of the vaginal vault [4, 16] . In these studies, anatomical cure (also symptomatic cure and satisfaction) was comparable between groups. The authors concluded that hysterectomy had no favorable effect. Apical cure after the Manchester procedure was excellent and varied between 93-100%. However, all studies included were of a retrospective design with data collected from medical charts or by sending questionnaires to women or surgeons.
Anatomical outcome data after posterior intravaginal slingplasty with preservation of the uterus were collected prospectively with follow-up between 6 and 30 months on143 women in three studies.
It is important to note that all studies reviewed were heterogenic with respect to follow-up time, selection of study group (eg, no stage 4 prolapse included, prior prolapse surgery, and additional surgery), definition of recurrent prolapse, and in methods of data collection. This limits the strengths of our finding considerably and emphasizes the need for well-designed randomized controlled trials in this area.
Symptomatic cure and quality of life Probably more important than anatomical cure is the functional outcome of prolapse surgery. An illustration that [4, 5, 7, 17, 21, 27, 28, 30, 32, 33] c References [18] [19] [20] 34] d References [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] symptoms are not always associated with anatomical outcome is the recent study on the sacrospinous hysteropexy by Dietz et al. in which women with and without a cystocele stage 2 or more described the same amount of bother on urogynecological symptoms [33] . For measuring these functional outcomes the use of validated disease-specific symptom and quality of life questionnaires is highly recommended [58] . Because hysterectomy can disrupt the local nerve supply and will affect the anatomical relationships of the pelvic organs, it has been thought that the functions of these organs may be adversely affected after surgery. However, to investigate these functions, validated questionnaires are useful. Roovers et al. used validated questionnaires on urogenital symptoms and quality of life [27] . They found improvement in all urogenital domain scores (urinary incontinence, overactive bladder, pain, prolapse, and obstructive micturition) and quality of life (mobility, physical function, social functioning, emotional functioning, and embarrassment) after a vaginal hysterectomy. We have to acknowledge that prolapse itself can cause urogenital symptoms, so these symptoms may disappear after prolapse surgery. It has been debated for many years that a vaginal hysterectomy possibly contributes to the development of urinary symptoms. In a prospective study, in which a vaginal hysterectomy was compared with endometrial ablation for the treatment of menorrhagia (not for prolapse symptoms), no differences in incontinence rates were found between the groups [59] . In a review of the literature, it was concluded that a vaginal hysterectomy is unlikely to cause bladder and bowel dysfunction [60] . The occurrence of de novo stress incontinence after a vaginal hysterectomy for uterine descent was reported in between 0% and 22% of women [6, 14, 17, 23, 24] .
No reports were found of women developing de novo stress incontinence after sacrospinous hysteropexy, but recurrent stress incontinence occurred in up to 4% [4] . With the use of a validated questionnaire in a retrospective study design, symptoms of an overactive bladder appeared to be more prevalent after a vaginal hysterectomy as compared to a sacrospinous hysteropexy (48% vs. 39%) [5] . Prospective data on changes in quality of life, as measured with validated questionnaires, were not available.
No studies on the Manchester procedure report the use of validated symptom and quality of questionnaires. No data on de novo stress incontinence were found. In the study by Dutta et al., a reduction of stress incontinence symptoms from 6% to 1% after surgery is described [18] .
Neuman et al. found "satisfaction with the posterior intravaginal slingplasty with preservation of the uterus" in 91.4% of women [37] . The prevalence of overactive bladder symptoms reduced from 71% to 10% postoperatively. Again, the lack of use of validated questionnaires in studies on the IVS makes the interpretation and comparison of data difficult.
In conclusion there is limited evidence on the functional outcome of the different techniques with respect to urogenital symptoms. Recommendations on one technique or the other from a functional point of view cannot be made.
Sexual functioning
Sexual well-being may decrease after hysterectomy due to damage of the innervations and supportive structures of the pelvic floor, but may also improve due to the resolution of prolapse symptoms. Many studies have been published about sexual function after a hysterectomy for benign conditions and they have shown that a simple vaginal hysterectomy is not a risk factor for sexual dysfunction [60] . After surgery for uterine prolapse (including vaginal hysterectomy), sexuality improved or did not change in most women [61] . If a large cystocele was present before surgery and corrected during surgery this was associated with the disappearance of sexual problems after surgery. Mild to severe dyspareunia symptoms are reported in up to 14% of women after a vaginal hysterectomy for uterine prolapse [25] . After a sacrospinous hysteropexy, dyspareunia was reported in 0% to 7% of women [4, 16] . In a randomized study comparing women after a sacrospinous hysteropexy and a vaginal hysterectomy, no difference was reported in postoperative sexual functioning at 6-month follow-up [7] . A decrease in the frequency of orgasm was reported after both procedures. This was reported to be related to the fact that these women were afraid of wound disruption or disease recurrence. Pain during intercourse before and after surgery was equal in both groups (4% before surgery, 5% after surgery).
No information on sexual function in women after a posterior intravaginal slingplasty was reported except for dyspareunia complaints that did not occurred when the uterus was preserved during the procedure [37] . After a posterior intravaginal slingplasty in women in which the uterus was removed, 5% of women reported dyspareunia symptoms after surgery [45] .
In conclusion, although in retrospective studies the vaginal hysterectomy is associated with the highest dyspareunia rate, the only randomized study comparing sacrospinous hysteropexy and vaginal hysterectomy showed that the two procedures did not differ at 6-month follow-up.
Pregnancy
Tipton et al. describe five women (total study group of 82 women) who desired pregnancy after the Manchester procedure [62] . Two of them had an uneventful pregnancy, one had a miscarriage at 3 months and two had no pregnancy at all. There was no follow-up on these women. Also three unplanned pregnancies occurred in the total study group. The risk of premature delivery is unknown after the Manchester procedure but is possibly higher when cervical amputation is performed.
Pregnancy after a sacrospinous hysteropexy is described in 14 women (a total of 15 pregnancies, one of which was a twin pregnancy) [4, [30] [31] [32] . Six of these pregnancies ended with a vaginal delivery and nine with a caesarean. After vaginal delivery, one woman needed a second prolapse surgery (this patient delivered twice). After caesarean delivery, one woman also needed a second prolapse surgery.
No data are available on pregnancies after a posterior intravaginal slingplasty.
Discussion
All three uterus-preserving procedures appear to be equally effective with regard to anatomical apical cure and recurrent prolapse surgery, with less morbidity (operating time, blood loss, and recovery time) for the three uterus preserving techniques, compared with vaginal hysterectomy. However, vaginal hysterectomy, combined with prophylactic methods for the vaginal vault, is still the first choice procedure in many countries. Most likely, the morbidity associated with vaginal hysterectomy, as described in Table 1 , is considered mild (or is unknown) by doctors and patients. In addition, women may want to have their uterus removed because of fear of bleeding disorders or cancer of the cervix or uterus in future times. Both the IVS-posterior as well as the sacrospinous ligament fixation can be performed with or without a hysterectomy. From the studies we evaluated, it appears that that removing the uterus during these procedures is not beneficial [4, 17, 37] .
Length of hospital stay was not described in most studies. However, the IVS posterior was associated with a very short hospital stay (1.5 days) [37] . We have to keep in mind that the length of hospital stay is related to many factors such as age, preoperative morbidity, organization of health care, distance to hospitals, and opinion of the doctor.
The studies available were difficult to compare because of the major differences in data collection (retrospective, prospective) and definition of recurrences. We have to be aware that examining all women after surgery at longer follow-up most likely will show higher recurrence rates compared to recurrence rates reported in the medical records for the following reasons: first, some women with recurrent symptoms could have gone to another clinic for a second surgery. Second, some women with recurrent symptoms could have not wanted a second surgery and therefore did not return to the clinic. Third, some women could have been treated with a pessary by their general practitioner. Fourth, many women with an anatomical recurrence on gynecological examination will be asymptomatic and therefore these women may not have returned to the clinic. Finally, symptoms may develop beyond the time frame of the study and are therefore not reported.
One severe limitation of our review is the fact that there is a marked heterogeneity between the way studies are designed and performed. For example differences in follow-up time, baseline characteristics of the research groups (differences in age, preoperative stage of prolapse, or previous prolapse surgery), definition of recurrences and even differences in surgical technique within the groups themselves makes it difficult to pool data from all the studies. Also, we have to acknowledge that there may be a publication bias that could have influenced these results.
Because no randomized, controlled trials are available for the four surgical techniques (except for one trial containing data on sexual functioning), we can not state that one procedure is better than another [7] . Hopefully, this report will motivate researchers to perform such a trial.
In conclusion, we can state that, with the information from the current literature, it is not necessary that women will undergo vaginal hysterectomy for uterine descent. In comparative studies, sacrospinous hysteropexy and the Manchester procedure were, with regard to anatomical outcome, equally effective with less severe morbidity compared with that of vaginal hysterectomy for uterine descent. The IVS posterior showed good results but carries the risk of mesh erosion. Perhaps a monofilament polypropylene mesh, which was shown to be superior to the multifilament mesh in urinary incontinence surgery with regard to erosion rates, will reduce the risk of erosion in posterior intravaginal slingplasty [63] although Sivaslioglu et al. recently showed that these erosions might be technique related [64] .
